The increasing power dissipation and decreasing dimensions of microelectronic devices have emphasized the demand for extremely efficient compact cooling technology. Microchannel heat sinks are of particular interest due to high rates of heat transfer, which have become known as one of the effective cooling technologies. In the present work, numerical simulation of incompressible flow in two dimensional microchannels by implementing nonuniform electrokinetic forces is performed using finite volume method. The velocity field and the heat transfer rate are influenced by the wall potential variations through the microchannel. Nondimensional parameters of heat transfer and fluid flows, Debay Huckel length, microchannel size and wall charge potential distribution, have major roles in this investigation. For fixed values of Reynolds number and microchannel size, the patterns of wall potentials are optimized to enhance the heat transfer rate. Velocity profiles are computed and temperature distribution and Nusselt number are obtained for uniform wall heat flux boundary condition. Average and local Nusselt numbers are illustrated for different wall potential configurations and Reynolds number. Velocity vectors and pressure drop are presented for different zeta potentials and Reynolds numbers. Finally, results of nonuniform electrical force are compared to uniform ones.
INTRODUCTION
Micro scale heat transfer has received much interest as the size of the devices decreases, such as in electronic equipments. The performance of these devices is directly related to the temperature; therefore it is a necessary issue to stabilize temperature of these devices at acceptable levels. Microchannel heat sinks have become known as one of the effective cooling techniques. At physical scales of order 100 micrometer, creating fluid motion in the microchannels poses a considerable challenge. Conventional pressure driven flow technology requires significant pressures, and while micropumps exist which are capable of delivering such pressures, they are difficult to manufacture and maintain and lack the precise control that is often required in microfluidic devices. Electroosmotic flow may provide a practical alternative to pressure driven liquid flow at the micro scale, with better flow control and no moving parts. Electroosmosis is the bulk movement of liquid relative to a stationary surface due to an externally applied electric field. Most solid substances will gain a relative electric charge when in contact with a polar solution, which influences the charge distribution in the solution. Ions of opposite charge to that of the surface are attracted towards the surface and ions of the same charge are repelled from the surface. The net effect is the formation of a region close to the charged surface called the electric double layer (EDL). The charge distribution in the fluid falls from its maximum near the wall (characterized by the zeta potential) to a zero charge in the middle of microchannels. The total flow rate in the microchannel is inversely related to the Debay length. Fluid dynamics of electroosmotically fluid flow are considerably different from traditional pressure driven flow; therefore, the thermal transport dynamics are expected to be quite different. Several elements of electro osmotically generated flow result in departure from traditional pressure driven flow heat transfer. The velocity profile in the microchannel will be a strong function of the electroosmotic character of the flow, external electrical field and configuration of wall potential which has been applied to the microchannel. The thermal boundary condition has significant influence on the temperature distribution and heat transfer.
It is important for the design of microchannel heat sinks to be able to accurately predict the heat transfer coefficients under different flow and thermal conditions, also the analysis of heat transfer in a microchannel is complicated and most studies have employed numerical approaches. In order to achieve this goal optimization helps to avoid lots of wasting time and energy. Accurate prediction of heat transfer coefficients also requires the thermal boundary conditions to be correctly implemented. In applications where microchannel heat sinks are used, a uniform heat flux or constant wall temperature are usually applied to all walls of microchannel, which is often made of a conductive material such as silicon, copper or aluminum to reduce overall thermal resistances.
In the present work, fluid flow and heat transfer in laminar flow regime in microchannels are investigated. Simulation is carried out for different Reynolds number and Debay-Huckel parameter. Nonuniform electroosmosis forces are obtained by implementing nonuniform wall potential to the walls of the microchannel. 
GOVERNING EQUATIONS
To simulate heat transfer in rectangular microchannels following assumptions are used:
• To relate continuity and momentum equations together, artificial compressibility is used.
In which, β is the artificial compressibility factor that varies between 0.1 and 10 [7, 8] . Momentum equations by applying external forces are,
In which, E is the external electrical field that relate to electrical field by,
Where,
Heimenz suggested a method to simplify these equations. In first step he made an assumption for ions density of solvent near the charged walls and second step is defining DebayHuckel parameters. He described all of these steps in one dimensional equation described as below,
In which 1 − ω is Debay length. For a contact surface between solid and liquid, Debay length is a constant value. Henry described general form of equation (6) in three dimensional forms as follow, ψ ω ψ
By using these equations electric charge density can be evaluate by, ψ εω ρ
Finally momentum equation can be written as,
Governing equations in nondimensional form which have been used in simulation can be written as follows, Wall potential equation which is used to simulate external body forces is the simplified form of the potential equation and it can be used only in the range of mV 25 ≤ ζ [8] .
External electric field: 0
Energy equation:
is the material derivative of the enthalpy, T k∇ ∇.
indicates conductive term, Dt Dp indicates material derivative of thermodynamic pressure,
is the mass concentration gradient, S is the energy source term and φ is the energy dissipation which can be calculated as, To compute temperature distribution in the microchannel, energy equation should be solved. The energy equation in general form is [4, 7] given by eq. (16).
is the mass concentration gradient, S is the energy source term and φ is the energy dissipation which can be calculated as, 
Where φ is,
Thermal boundary condition on all walls of microchannel is a known uniform heat flux.
The inlet temperature is known but outlet temperature is calculated from the energy equation. Figure 1 demonstrates the microchannel which is used to simulate the fluid flow and heat transfer. The size of the microchannel is nondimensional by microchannel width.
MICROCHANNEL GEOMETRY
The real width and length of microchannel that use for electrical force calculation are, Hachure is the place of apply wall potential ( )
where it shows this part of wall has negative charge and it will attract positive ions to itself while in the other locations, wall is neutral. External electrical field value at inlet reservoir is 1 and at the outlet is zero which causes flow of fluid.
NUMERICAL SIMULATION
Numerical simulation which has performed in this investigation is second order finite volume Jameson scheme. To solve governing equations, artificial compressibility is added to the continuity equation to couple pressure with other conservative variables. Wall potential and external electrical field are solved individually because they are decoupled from fluid flow equations; since influence of fluid flow on ions migration near the walls are negligible. Fluid flow and heat transfer equations are solved simultaneously by implementing electrical force which is computed separately.
In this study two different aspects are considered, first, calculating local Nusselt number according to different boundary conditions for wall potentials, second, optimizing heat transfer rate according to the configuration of wall potential.
Obtained results are presented using the dimensionless Nusselt number defined as,
So these results can be compared to each other in all cases for different wall potentials.
UNIFORM HEAT FLUX BOUNDARY CONDITION
An axially constant wall heat flux of 
Therefore, the outlet temperature for each Reynolds number is constant. Temperature distribution is obtained from the numerical simulations; therefore, the local convective heat transfer coefficient, h(x), can be evaluated using,
is wall temperature and
is the bulk mean temperature and can be computed as, 
GRID INDEPENDENCY
To consider the effect of the grid size on the results, the grid was verified to result in grid-independent results.
. This grid-independence is illustrated graphically in Figure 2 . Also, for instance, at 5 . 
RESULTS AND DISCUSSION
External electrical field is shown in Figure 3 which is used in all different cases. 
HEAT TRANSFER RATE COMPARISON
Temperature difference between wall and bulk of the fluid is given by,
According to constant properties, length and heat flux, for minimizing temperature difference between walls and bulk fluid, the average Nusselt number should be maximized.
Average Nusselt numbers for different case are shown in Figure 16 and it shows that average Nusselt number in case (a) is higher than others. Figure 17 and Figure 18 and it shows that local Nusselt number in case (a) is higher than case (b and c) but in case (d and e) in location which zeta potential is applied to the wall local Nusselt number is higher than case (a). All of these Nusselt numbers are given for 50 , 20 In order to have constant properties, temperature in corners of the microchannel should not exceed the saturated point; therefore, Value of uniform heat flux is limited.
Implementing electrical forces cause increasing amount of ions near the walls and movement of these ions cause increasing velocity; therefore it leads to increasing heat transfer rate.
Different configurations of wall potentials cause variations in velocity profiles near the walls. In spite of lower heat transfer rate in cases (b and c) where wall potential is implemented parallel in case (d and e) increasing Nusselt number are observed in locations where wall potential has been applied. In fact in cases (d and e) average Nusselt number are lower than case (a) but it has a raise in other places so, it would be useful to apply these configurations in cases where locally high heat transfer rates are required.
Increasing value of ( ) h ω parameter leads to higher value of electrical forces and lower pressure drop.
